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Th is  i s  one o f  a se r ies  o f  r e p o r t s  cover ing  techn ica l  progress on the  
research and development program being performed i n  connect ion w i t h  t h e  
design o f  the  Path f  i nder Atomic Power P lan t .  Th is  p l a n t  w i l I be located 
a t  a s i t e  near Sioux Fa l Is, South Dakota and i s  schedu led f o r  opera t ion  
i n  1963. Owners and operators o f  t he  p l a n t  w i  l l be the  Northern Sta tes  
Power Company o f  Minneapolis, Minnesota. 

The U. S .  Atomic Energy Commission, through Cont rac t  No. AT( l I -  1)-589 
w i t h  Northern States Power Company, and Cent ra l  U t i  l i t i e s  Atomic-Power 
Associate+ (CUAPA), are sponsors o f  the  research and development 
program. . 

Al l is-Chalmers Manufacturing Company o f  Milwaukee, Wisconsin, under c o n t r a c t  
wbth NorPhern States Power Company, i s  per forming t h e  research, development, 
a ~ d  design; and w i  I I  cons t ruc t  t h e  p l a n t  i nc lud ing  t h e  reac to r ,  which i s  
des i gnated the  Con<-ro I led Rec i rcu  lai- ion  Bo i l i ng Reactor (CRBR) w i t h  
Nuclear Superheater. Pioneer Serv ice and Engineering Company-of Chicago, 
I l l i n o i s  i s  p rov id ing  t h e  arch i tec t -eng ineer  serv ices  t o  A l l i s -Cha lmers .  
Po r t i ons  o f  t h e  R & D program, p a r t i c u l a r l y  i n  connect ion w i t h  f u e l  
development have been subcontracted by A 1  lis-Chalmers. 

* CUAPA EMBER COMPANIES: 

l n t e r s t a t e  Power Company 
lowa Power,and L i g h t  Company 
lowa Southern U t i l i t i e s  Company 
Mad i son Gas and E I e c t r  i c  Company 
Northern Sta tes  Power Company 

Northwestern P u b l i c  Serv ice Co. 
Ot ter-Tai  l Power Company 
S t .  Joseph L i g h t  B Power Co. 
Western Power and Gas Company 

' 

Wisconsin P u b l i c  Serv ice Corp. 



DESIGN DATA 

CRBR W 1 TH NUCLEAR SUPEMEATER 

P l a n t  
. . . .  

Power, b o i l e r  region . . . ..................................... 157,200 kw 
Power, superheater reg ion ................................... 42,400 kw 
Steam f low a t  ra ted  power ................................ 6.16,125 Ibs/hr 
To ta l  core power ............................................ 199,600 kw 

............................... Gross e l e c t r i c a l  c a p a b i l i t y  ;. 66,000 kw 
~ e t  e l e c t r i c a l  ou tput  ....................................... 62,000 kw 
Net e f f i c i e n c y  ............................................ 31.O.per cen t  

............................. Steam o u t  l e t  pressure ( reac to r )  535 p s i g  
Reactor ope ra t i ng  pressure .................................. 600 p s i g  
Temperature, b o i l e r  reg ion  .................................. 489 F 
O u t l e t  temperature, superheater reg ion ...................... 825 F 
Gross heat  r a t e  ....................................... 10.,199 Btu/kw-hr 
Reactor b u i l d i n g  s i z e  ............................... 50 f t  d i a  x 120 f t  

. . .  Reactor . . .  . . 

..................... Vessel s i z e  ( o v e r - a l l ) .  1 1  f t  6 i n  0.d. 36 f t  I  i n  
...................................... T o t a l  core dimensions 6 f t  x 6 f t  

Dimensions o f  superheater reg ion  ......................... 6 f t  x 30 i n  
Fuel ,  b o i l e r  (Zr-2 c lad )  ............ approx. 2.2 per  cent  enr iched U02 
Fuel ,  superheater (S.S. c lad )  ........ approx. 93 per c e n t  enr iched UOi 
Fuel,  loading, b o i l e r  (U-235) .............................. 145 .6kg  
Fuel,  loading, superheater (U-235) ......................... 42 Kg 
Power dens i ty  ( b o i l e r  core coolanf) ........................ 87 k w / l i t e r  

.................... Average heat f lux, boi l e r  reg ion  128,000 Btu /hr - f  t2 
............... Average heat f lux, superheater reg ion 77,800 Btu /hr - f  $ 

................... Maximum heat  f lux, boi l e r  reg ion  .462,000 Btu/hr- f$ 
.............. Maxi mum heat  f lux, superheater reg ion .245,000 ~ t u / h r - f  9 

......................... Rec i r cu la t i on  r a t e  L.............. 65,000 gpm 
Rec i r cu la t i on  pump power ................................... 823 kw 

................................ Neutron f lux approx. 5 x loi3 n / c d s e c  



3. NUCLEAR ANALYSIS 



3. I REACTOR PHYS l CS (STATICSL 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  per form physics c a l c u l a t i o n s  such as 
computer p rog raming  and operat ion,  and t o  determine the  c r i t i c a l  mass, 
neutron and gamma f l u x  and power d i s t r i b u t i o n ,  enrichment, c o e f f i c i e n t s  o f  
r e a c t i v i t y ,  c o n t r o l  rod  ef fect iveness,  and conversion r a t i o  w i t h  respect  
t o  a Path f  i nder core w i t h  an i n tegra  l h i  gh-enr ichrnent superheater region.  
An a d d i t i o n a l  o b j e c t i v e  i s  t o  determine sh ie ld ing  requirements f o r  t he  
Pa th f i nde r  p l a n t .  

3. 1 .  1 PAmF I NDER F l RST CORE H I  GM ENRl CMED 
(3.2 w/o U-235) BOl LER FUEL ELEMENTS 

I n  the  l a s t  Path f  i nder Quar te r  l y  Report (ACNP-630 16) t h e  use o f  

boron s t a i n l e s s  s t e e l  p l a t e s  f o r  negative r e a c t i v i t y  shimming was described. 

I n  a d d i t i o n  t o  these negat ive shims, t h i r t y - t w o  b o i l e r  f u e l  elements w i t h  

a h igher enrichment (3.2 w/o U-235) are a v a i l a b l e  f o r  p o s i t i v e  r e a c t i v i t y  

i n s e r t i o n  i n  the  f i r s t  Pa th f i nde r  core. To prevent  an increase i n  the  

maximum bo i  l e r  heat  f lux a t  f u I l power, these t h  i r t y - two  e lements a r e  

l i m i  t e d  t o  i n s e r t i o n  i n  those core locat ions  n o t  adjacent  t o  a c o n t r o l  rod 

channe I .  F igure 3. 1 shows t h e  ava i lab l e  core locat ions.  

A previous ana lys i s  (described i n  Pa th f i nde r  Q u a r t e r l y  Progress Report 

ACNP-6 1 17) determined the  r e a c t i v i t y  worth o f  a l l t h  i r ty - two e lements when 

inser ted  i n  the reference core f o r  h o t  opera t ing  cond i t i on .  For t h a t  

ana l ys is ,  two-d i mens iona l two-group d i f f us i on theory  ca lcu la ti ons were 

u t i l i z e d .  The e f f e c t  on r a d i a l  power d i s t r i b u t i o n  was a l s o  analyzed. 

A .  nuc lear ana l y s i s  was comp leted dar ing  t h e  p a s t  Quar ter  (Apr i I-June, 1963) 

t o  determine t h e  f o l l o w i n g  a d d i t i o n a l  in format ion:  

I. R e a c t i v i t y  worth f o r  a l l  t h i r t y - t w o  elements i n  the  c o l d  
c r i t i c a l  core.. . 
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F i g .  3.1 ... B o i l e r  Element I d e n t i f i c a t i o n  



2. Re la t i ve  worth o f  i n d i v i d u a l  boi l e r  element locat ions  
f o r  t h e  c o l d  and h o t  opera t ing  cond i t i ons  ... 

3. The e f f e c t  o f  the a d d i t i o n  o f  these h igher enr iched f u e l  
elements on t h e  b o i l e r  and superheater power d i s t r i b u t i o n .  

P e r t u r b a t i o n  theory  was used to' determine t h e  r e l a t i v e  worth o f  t h e  

boi l e r  f ue l ellement locat ions f o r  both t h e  co l d and h o t  operet  i ng 

condi4-ions. Two-dimensional (XY) ,  two-group a d j o i n t s  and f l u x e s  had been 

obtained f o r  ana lys i s  o f  the  worth o f  the  boron s t a i n l e s s  s t e e l  shims as 

described i n  ACNP-6117. They were obta ined f o r  t h e  c o l d  a l l - con t ro l - rods -  

i n  core, and the  h o t  voided a l l -cont ro l - rods-oat  core. Using these a d j o i n t s  

and f l u x e s  f o r  t h e  same core cond i t ion ,  and t h e  f o l l o w i n g  expression: 

t he  r e  l a t i v e  worth o f  t he  fue l e lement locat ions  i n  the  boi  l e r  were 

determined and are  shown i n  Table 3.1. The core  locat ions  i n  t h e  t a b l e  

represent  a 1 l o f  t h e  avai lab le  boi l e r  e lement locat ions  i n  each core 

oc tan t .  The 3.2 w/o e lements w i l l be loaded symmetrica l l y  by o c t a n t  

i n t o  the  core. The maximum worth l oca t ion  i s  n o r m  1 ized t o  1.0 f o r  

each condit iom. 



Tab le 3.  1 - RELATIVE WORM OF BOl lER ELEMENT LOCATI ONS 

Boi l e r  E lemen* Re la t i ve  Worth Re l a t i v e  Worth, Hot, 
Locat ion i n  Core Co ld . . .A l l  Rods I n  Voided.. . A l  I Rods Out  

1.00 (Max. Worth) .8'7 

BD 9 .84 1.00 (Max. Worth) 

+ For i d e n t i f i c a t i o n  o f  core locat ions,  see F i g .  3.1 
+W Possi b le 3.2 w/o e lement locat ions  

The r e a c t i v i t y  worth had been obta ined p rev ious l y  w i t h  a1 l o f  these 

elements added t o  the reference core  i n  t h e i r  s p e c i f i e d  locat ions  (F ig .  3.1) 

f o r  t h e  h o t  opera t ing  c o n d i t i o n  w i t h  a I  l c o n t r o l  rods withdrawn. Our ing 

reac to r  operat ion,  the excess r e a c t i v i t y  w i  l l  be c o n t r o l  led by i n s e r t i o n  

o f  groups o f  t h e  outer  e i g h t  c o n t r o l  rods. Therefore, the  r e a c t i v i t y  worth 

and, i n  p a r t i c u l a r ,  t he  e f f e c t  t h a t  these elements have on the  r a d i a l  d is -  

t r i b u t i o n  has now been analyzed w i t h  the  e i g h t  ou ter  c o n t r o l  rods inser ted.  



This  ana lys i s  was made us ing e x p l i c i t  PDQ-XY ca lcu la t i ons ,  and t h e  r e s u l t s  

a re  shown i n  Table 3.2. The worth o f  these elements rose from +.0Z ak/k . 

t o  +.029 gk/k w i t h  the  i n s e r t i o n  o f  t he  con t r o  l rods, b u t  no adverse e f f e c t  

on power peaking was noted. With o r  w i  t hou t  the  c o n t r o l  rods inser ted,  a 

s l i g h t  increase i n  t h e  superheater power peak-to-average -- and a s l i g h t  , 

decrease i n  the  boi l e r  power peak-to-average -- i s  obta ined when these 

e lements are added. 

Table 3.2 - PATHFINDER PERFORMANCE WITH 
3.2 W/O W-235 ELEMENTS ADDED 

Core Superheater Superheater Boi l e r  
Desc r ip t i on  

kef f Akef f Power Factor  P/A Power P/A Power . 

Reference Core, No 
Contro l Rods l nserted 1.060 -----. . 1395 1 .  169 1.737 

32 3.2 w/o E lements 
added, No con t ro  l rods 
i nserted 1.083 .023 . 1340 1.  174 1.636 

Reference Core 
8 Outer Rods Inse r ted  1.004 ---- . 1698 1.37 1 2.240 

32 3.2 w/o Elements 
added, 8 Outer Contro l 
Rods l nserted 1 .033 .029 

Using p e r t u r b a t i o n  theory  normalized t o  successive two-dimensional calcu-  

l a t i o n  resu I t s ,  t h e  r e a c t i v i t y  worth o f  t h e  3.2 w/o enr iched elements 

i nse r ted  i n  t h e  c o l d  a l l - rods - in  core has been approximated. I n  o rde r  t o  

mainta in core symmetry, these e lements w i  l l be s t i  l ized i n groups o f  e i g h t .  

The worth o f  each of t h e  f o u r  groups has boen approximated as mentioned 

- 13- 9' 



above f o r  the co ld  and ho t  operat ing condi t ion - as shown i n  Table 3,.3. 

I f  pos i t i ve  shim i s  nsaessary f o r  f u l l  power operation, i t  i s  desirable 

t o  i n s e r t  3.2 w/o fwe l e lements i n to  those locations t h a t  y i e  Id  the least  

r e a c t i v i t y  gain f o r  the co ld  shutdown core and the most r e a c t i v i t y  gain 

f o r  the ho t  operat ing core w i t h  a l l  con t ro l  rods withdrawn -- the end 
. .  - i. ' 

o f  l i f e  contro l rod co'6.d i ti on. 

Table 3.3 - EXPECTED REACTlVlN WORTH OF 
GROUPS OF HIGH ENRICHED ELEMENTS 

, . 
Core Locat ions Where dk/k Cold ~ k / k  Hot Operating 
Elements are Added (Fiq.  3. l r  Core Cond i t  i on A l l Rods Out ' 

Based on the resu I t s  i n  Tab le 3.3, 3.2 Q lements w i  1 l be inserted j u s t  i n  

locations BA 7, e tc .  . . . .then locations BB 3, etc.. .then locations BD 5, 

etc. .  . and f i n a l  l y  locations BC 5, etc: 



PART 0 

POST CONSTRUCTION R&D 



1.0 I N I T I A L  S T A B l h l N  AND PEFiFORNANCE 
,..POST CONSTRUCTION RBD 

The ob jec t i ves  o f  t h i s  p r d j e c t  are t o  design and f a b r i c a t e  
a spec ia l  o s c i l l a t o r  rod  and d r i v e  mechanism together  w i t h  s u i t a b l e  
inst rumentat ion and record ing equipment t o  measure and record  the  
r e s u l t i n g  v a r i a t i o n s  i n  neutron f l u x ,  and t o  conduct o s c i l l a t o r  
t e s t s  t o  ver  i f y dynamic performance ca lcu l a t i  ons and t o  determi ne 
exper imenta l l y  the  stab i l i t y  o f  the  reac tor  system. I n add i t i on ,  
c e r t a i n  measurements o f  power, f lows, pressures, and temperatures 
w i l l be made t o  determine the  t r a n s i e n t  response o f  t h e  r e a c t o r  
system. The data w i l l be ana lyzed t o  determine c e r t a  i n dynamic 
parameters. 

1.0. 1 DYNAMICS 

1 .O. 1 .  1 I n-Core 1 on Chambbrs 

The in-core ion chamber system which has been p rev ious l y  reviewed 

(ACWP-62005, Pa th f i nde r  Progress' Report, October-December 19611 was 

brought t o  about 80 per  c e n t  complet ion dur ing  t h e  present  quar ter .  

For review, F igure I. I shows the  overa l l layout  o f  t h e  mechanical 

fea tures  o f  the  system ... F igure  1.2 shows t h e  inst rumentat ion system. 

The mechanical support  s t r u c t u r e  has been successfu l ly  p laced i n  the  

reac tor ,  w i t h  t h e  except ion o f  t he  dumy f u e l  elements. These dummy 

superheater elements are  being f a b r i c a t e d  and are  being wrapped a 

t h i n  s i l v e r  f o i l .  Th i s  f o i l  w i l l  be sandwiched between t h i n  s?a.i.nless 

stee 1 cy  l i nders and f a b r i c a t e d  Po t h e  same end-we l d i  ng speci f i c a t  ions 

as the  superheater f ue 1 e lements i n  order  t o  prevent  s i  l ver  contarni nat i on 

of t he  reac tor  system. The s i l v e r  i s  necessary t o  prov ide  neutron- 

absorpt ion, which w i l l  thus prevent undesi rable f l u x  peaking i n  adjacent  

superheater elements. 
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F igu re  1.3 shows one o f  t he  th ree  f l u x  w i r e  d r i v e  devices. These 

mechanisms w i l l  be manually operated t o  i n s e r t  and withdraw the  Cu-Ti 

c a l i b r a t i o n  w i r e  i n t o  the  th ree  f l u x  w i r e  th imbles.  (One th imb le  i s  

bui  I t  i n t o  each ion-chamber bund le) . Studies have shown t h a t  each o f  

t he  Cu-Ti w i res  w i l l  be i r r a d i a t e d  f o r  about 20 minutes a t  f u l l  power. 

A decay pe r iod  o f  about 12 hours w i l l  then be necessary i n  o rde r  t o  a l l ow  

56 
t h e  Mn isotopes t o  decay. The backscat ter  o f  t h e  ~n~~  ( .84) Mev y 

i n t e r f e r e s  w i t h  t h e  ~u~~  -5 I  Mev y which i s  the  d i s i n t e g r a t i o n  product  

t h a t  w i  l l be counted. F i g u r e  1.4 shows the  a c t i v i t y  h i s t o r y  o f  a  s e c t i o n  

of  a  6 - i  nch p iece o f  Cu-Ti. w. i  r e  t h a t  was i r r a d i a t e d  i n  CP-5 a t  Argonne 

Nat iona l  Laboratory and t h a t  was subsequently counted i n  t h e  Wire 

Counting F a c i l i t y .  Th i s  Wire Counting F a c i l i t y  i s  t h e  same one t h a t  

w i 1 1 be used a t  the  reac to r  s i t e  t o  count t h e  f  lux ca l i b r a t i o n  w i re .  

Thus, good est imates a re  now on hand f o e  counter  geometry e f  f e c t k  and 

count ing  techn'iques. The t o t a l  number o f  counts per  inch o f  w i r e  

( i n t e g r a l . c o u n t  method) w i l l  be used t o  i n d i c a t e  w i r e  a c t i v i t y .  

F igure  1.5 i s  a  b lock diagram o f  t he  Wire Counting F a c i l i t y .  T h i s  

equipment, from the Al l is -Chalmers C r i t i c a l  Faci  l i ty,wi I I  

au tomat i ca l l y  decay-correct the i r r a d i a t e d  w i r e  sample and w i t h  the 

d r i v e  motor, au tomat i ca l l y  d r i v e  the  w i r e  p a s t  t he  s c i n t i  I  l i t i o n  

counter .  
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l NSTRU WNTATI ON SYSTEM 

The instrumentation system (shown i n  block diagram form i n  Figure 1.2) 

1 s shown i n  photo form in  Figure 1.6. The three power supplies (battery 

systam) w i l l supp l y the 100 V fo r  the ion chambers. The meters tlAtf w i l l 

indicate the chamber vo ltage. The sw itches 'lBB" w i l l se lec t  the, vo Itage 

desired f o r  the chamber se lected. (Note tha t  three of the nine ion 

chambers can be simultaneously read and recorded). A battery charging 

system and simu lated load are provided f o r  battery protect  ion. The 

micro-mi eroammetear "Ctt (Ke i t h  ley %4 14) w i l l be used t o  convert the ion 

chamber current t o  a readab le voltage. A lthough these are mo l t i -range 

- 1  1 
instruments capob le of reading current from 10 t o  lom3 amps. the 

law s e n s i t i v i t y  o f  the ion chambers themselves w i l l  l i m i t  usefulness 

of t h i s  system to powers above about 7 MW(therrna1) on Pathfinder. The 

switches ItDN select the three o f  the 9 chambers t h a t  are t o  bs recorded. 

In order t o  make a reasonable switching arrangsmernt, switches were 

arranged so t h a t  72 ou t  o f  a possible 84 combinations o f  Phres could be 

s@ lected. These are the most probab le comb inations of three. 

The switches "Dfl operate a series of  coaxial switches specia l ly  con- 

structed so as t o  minimize noise and stray pickup i n  the switch box. 

Figure 1.7 shows a view o f  the coaxial switches and also a view o f  

the battery power supp ly, 

Figure 1.8 i s  an e lemntary block diagram of ths  in-core instrumentation 

cab i net. 



F ig .  1.6 ... in-Core Ion Chamber Inst rumentat ion System (46D-0-4) 



Fig. 1.7...Instrumen&ation S.ystem - Coaxial Switches and Battery Power Supply (480-0-7. . .480410)  



Fig .  I.8...ln-Core Instrument Control and Monitor System (43-302-090) 



OPERATI ON AND USE 

D-ur ing Phase I o f  t he  s tar tup ,  a p iece o f  t he  Cu-Ti w i re  w i l l be 

i r r a d i a t e d  i n  a known standard f lux and i t s  a c t i v i t y  compared t o  t h e  

a c t i v i t y  o f  w i r e  i r r a d i a t e d  i n  Path f inder .  (ACMP-6112, "Program and 

Organizat ion Preoperat ional  and Nuclear Testing," provides d e t a i l s  o f  

s t a r t u p  exper i rnents) . The f lox i n superheater and boi l e r  . f  ue 1 ce l I s  

adjacent t o  the  ion chamber locat ions  w i 1 l be ca lca lated. Thus a 

c o r r e  l a t i  on w i l l be obta i ned between adjacent f ue l ce 1 l f luxes and 

known w i re  readings. Corresponding superheater f u e l  sur face tempera- 

t u  res w i l l a lso be ca lau la ted  i n  f ue l ce l I s  adjacent  t o  i on  chamber 

locat ions.  As a resa I t ,  the  ca l i b r a t i o n  w i r e  readings w i l l be compared 

t o  ca l cu la ted  f l u x e s  f o r  f u t u r e  ex t rapo la t i ons  ( a t  power) o f  boi l e r  

heat f l u x e s  and superheater f u e l  sur face temperatures. 

I n  Phase I  I I, the  above ex t rapo la t i ons  w i  l l be c a r r i e d  o u t  so t h a t  t h e  

ion chambers can be used t o  de tec t  dynamic and s t a t i c  f l u x  t i l t s  i n  both 

t h e  boi  l e r  and superheater, as we l l as loca l f lux peaking. The ca  l i b r a t i  on 

' w i r e  h i l l ,  o f  course, be a l s o  used t o  c a l i b r a t e  t h e  ion chambers as a 
..... . 

f unc t i on  o f  reac to r  opera t ing  h i s t o r y .  - .. .. , :.> 

du r ing  o s c i l l a t i o n  t e s t s  above 20 MW(thermal), phase d i f f e rences  o f  ion  

&ambers s i  gna I s  i n  var ious  d i  r e c t i  ons w i l l be observed; t h i s  mag o r  may 
- .  

n o t ' g i v e  s tab i  l i t y  in format ion,  depending on t h e  r e l i a b i l i t y  o f  t h e  data. 
--.. , 

Throughout t h e  power opera t ion  (above 10 MW) t h e  temporary in-core chambers 

w i l l  be compared t o  the  permanent out-of-core ion chambers t o  judge t h e  

usefulness o f  the  in-core system as an a i d  t o  t h e  reac tor  operator .  



3.0 TESTING AND INSPECTION OF CORE COMPONENTS 
, . .POST GONS'LBWCTI ON RgD 

The purpose o f  i nspectf ng Pathf i nder core components i s  t o  estab l i sh 
opera t ion  e f f e c t s  on mechanical, me ta l l u rg i ca l ,  and chemical c h a r a c t e r i s t i c s  
o f  these components. 

3.0. 1 GENERAL TEST METMOD 

Selected core components w i l l  be removed from the  core f o r  underwater 

inspect ion i n  the  storage pool o r  w i l l  be inspected i n  p lace i n  t h e  core. 

I f  any defects o r  e f f e c t s  are  encountered which a re  f e l t  t o  be o f  

s u f f i c i e n t  i n t e r e s t ,  the  component w i l l  be removed and shipped t o  a 

rad iometa l l u rg i ca l  f a c i l i t y  f o r  des t ruc t i ve  examination. A l l  such 

work w i  l l be care f  u l l y  recorded and reported. 

3.0.2 TEST PROCEDURE 

3.0.2. 1 Pre-I  r r a d i a t i o n  Measurements 

Dur ing f a b r i c a t i o n  o f  t he  core components, appropr ia te  measurements and 

o the r  data w i l l  be recorded i n  the  vendors' f a c i l i t y .  

3.0.2.2 I n  the  Case of Mal func t ions  

I f  a t  any t ime dar ing Phases I, I I  and I l l  opera t ion  o f  t he  reac tor  

there  appears t o  be a mal func t ion  o f  a core component which reduces t h e  

opera t ing  performance o f  t he  reac to r ,  t he  reac tor  w i l l  be shut  down and 

t h e  suspected component removed and subjected t o  a v i s u a l  inspect ion.  



3.0.3 l NSPECTl ON PROCEDURES 

I f  there  are no apparent malfunct ions, t he  inspect ion procedures 

summarized 'below w i l l  be incorporated. 

3.0.3.1 Path f  i.nder Core I RML Post- l  r r a d i a t i  on l nspect ion Prowam 

Th is  inspect ion program w i l l  be performed i n  t h e  h o t  lab o f  B a t t e l l e  

Memorial I n s t i t u t e  a t  Columbus, Ohio. The ob jec t i ves  o f  the  inspect ion  

are t o  determine ( I )  core performance, ( 2 )  corrosion-crud ana lys is ,  

(3) mechanical behavior and (4)  mate r ia l  performance. Separate d e t a i l e d  

inspect ion programs have been def ined f o r  t h e  b o i l e r  and superheater core.  

The f u e l  elements w i l l  rece ive  a cursory inspect ion under water p r i o r  t o  

shipping t o  BMI. 

Two b o i l e r  elements w i l l  be removed from the  core at/or near end of l i f e  

and sh ipped t o  the h o t  lab. The elements w i  l I be disassemb led s u f f  i c i e n t  l y  

t o  remove selected f u e l  p i n s  f o r  gamma scanning. Fo l lowing gamna scanning, 

fue l samp les w i  l I be ex t rac ted  f o r  burnup ana lys is .  The experimenta l data 

w i l l  be used t o  determine the  in tegra ted power d i s t r i b u t i o n  w i t h i n  t h e  

f u e l  element. Dur ing disassembly, t h e  elements w i l l  be g iven a v i s u a l  

examination. No o the r  d e t a i l e d  examinations are planned unless a major 

de fec t  i s  observed. 

Three superheater f u e l  elements w i l l  be removed from t h e  core  a t  m i d - l i f e  

and end-o f - l i f e  and shipped t o  BMI . f o r  p o s t - i r r a d i a t i o n  inspect ion.  The 

elements w i l l  be disassembled f o r  gamma scanning and burnup ana lys i s  f o r  



determining in tegra ted power d i s t r i b u t i o n .  The elements w i l l  rece ive  a 

very  thorough v i s u a l  examination. A t  l eas t  one element w i l l  receive a 

deta i  led examlnatlon f o r  c rud and corrosion e f f e c t s .  The remaining elements 

w i l l  be examined to measure t h e i r  mechanical behavior and t o  observe m a t e r i a l  

performance. 

3.0.3.2 Path f inder  Underwater P o s t - I r r a d i a t i o n  Inspect ion  Proaram 

Th is  program includes remote inspect ion,  us ing an underwater periscope, 

o f  f ue l e lements and con t ro  l rods, both boi l e r  and superheater, and bo i  l e r  

boxes and superheater inner insu l a t i  ng tubes. Both d i r e c t  v i s u a l  and 

photograph i c techniques w i l l be emp toyed. The exami n a t  ion VJ i l l he l p  t o  

determine the  e f f e c t s  o f  reac tor  opera t ion  on t h e  dimensional i n t e g r i t y  

and co r ros ion  res is tance o f  t h e  components. I t  w i l l  a l s o  be used t o  

"screen1' t he  reac to r  components t o  help s e l e c t  those t o  be shipped o u t  

f o r  the  h o t  lab inspect ion.  

3.0.4 CONTROL ROD INSPECTIONS 

I n  order  t o  more c l o s e l y  i nves t i ga te  the  core  performance o f  t h e  

con t ro  l rods, the  maxi mum-burnup bo i l e r  and superheater con t ro  l rod  w i l l 

be pu l led o u t  and inspected a t  each r e f  ae l i ng . The sur faces o f  the  

c o n t r o l  rods w i l l  be examined f o r  sur face cracks and o ther  d i s c o n t i n u i t i e s .  

The superheater rod  w i l l  be checked f o r  excessive swel l ing .  

I f  any defects which are  judged t o  adversely a f f e c t  reac to r  opera t ion  are  

discovered, a l l  the  rods w i  l l  be inspected i n  t h e  same manner. 



4.0 MECHANl CAL TESTS. . .POST CONSTRUCT1 ON R&D 

The ob jec t i ves  of  t h i s  p r o j e c t  are t o  I r r a d i a t e  reac to r  vessel and 
steam l i ne mater i a  l samp les and per  i od i ca l l y  exami ne them f o r  embr i tt lement. 
Add i t i ona l  ob jec t i ves  are t o  determine the pre-star tup f low d i s t r i b u t i o n  
i n t o  the bo i  l e r  core, t o  determine the  two-phase i n t e r f a c e  i n  t h e  opera t i  rig 
reac to r ,  and t o  determine the  moisture carryover through t h e  steam dryer  
i n t o  the  superheater. 

4.0. 1 WATER1 AL SURVE l LLANCE AND I NGPECTI ON 

4.0. 1 .  1 Reactor Vesse l M a t e r i a l  l r r a d i a t i o n  Samp les 

There are  p rov i s ions  i n  t h e  Pa th f i nde r  reac tor  vessel f o r  30 groups o f  

ma te r ia l  samples f o r  ma te r ia l  su rve i l l ance  and o ther  programs. Two 

samp 1.e ho lders  .are attached t o  each o f  15 steam separator groups d i . rec t  l y  

opposi te .the core. F i f t e e n  ( 15). samp le  holders are  located near t h e  vesse l 

wa l l and the rema i n i ng 15 a re  located near the  vesse l core f o r  acce le ra ted 

tes ts .  

Each sample group may con ta in  one o r  two sample capsules. Each s t a i n l e s s  

s t e e l  capsule, con ta in ing  t h r e e  Charpy specimens, i s  evacuated and pressur ized 

w i t h  helium. T i g h t  f i t t i n g  aluminum spacers are  used t o  improve heat t r a n s f e r .  

Samp les o f  t h e  vesse I materi a  I w i I I be pe r iod  i c a  I  l y  removed from the--reactor 

and tes ted throughout the  l i f e t i m e  o f  t h e  reac tor  t o  de tec t  t h e  change i n  

phys ica l  p roper t i es .  Reference phys ica l  p r o p e r t i e s  have been measured and 

were as fo l lows:  Tens i le  s t rength,  78,000 p s i ;  y i e l d  p o i n t ,  49,500 p s i ;  

e  longat i  on, 328; R I tA1 '  hardness, 48.5-50. Trans i t i o n  temperature duct  i l i t y  

curve i s  shown on F i g .  4.1. The frequency o f  such t e s t s  w i l l  be determined 

a f t e r  the  f i r s t  samples, i nc lud ing  t h e  accelerated t e s t  samples nearer t h e  

-3 1 -  



TEMPERATURE -OF 

Fig.  4.1 ... Pathfinder Reactor Vessel ASTM A212B Steel Unirradiated Impact Strength (43-025-386) 



core, have been removed and tested.  F i f t e e n  t e s t  capsules have been 

prepared and shipped t o  the  s i t e .  Three con ta in  e i g h t  ( 8 )  Gharpy V-notch 

t e s t  specimens and s i x  (6) t ens i  le  specimens each. TWO ( 2 )  of these tens i  le- 

specimens are  stressed. The o the r  twelve capsules conta in  e i g h t  ( 8 )  Charpy 

V-notch and two unstressed t e n s i l e  specimens each. F igures  4.2 and 4.3 

show t e s t  capsules f o r  s t ressed and unstressed t e n s i l e  specimens respec t i ve l y .  

4.0.1.2 Steam Lime I r r a d i a t i o n  Sam~ les  

For steam l i n e  o n l y  impact s t reng th  w i l l  be surveyed. Charpy P-notch 

i r r a d i a t i o n  samples have been prepared from a sec t i on  o f  t h e  steam l i n e  

t h a t  was removed a t  t h e  containment vessel expansion j o i n t .  A number o f  

tKe samples have been 'broken t o  e s t a b l i s h  the  reference t r a n s i t i o n  temperature 

duc t i  l i t y  curve shown i n  F ig .  4.4. F i f t y - s i x  samples w i  l l be encapsa lated, 

e i .ght  per capsa-le, ,and w i  l l be inser ted  f o r  i r r a d i a t i o n  i n  a samp le  ho lder  

under t h e  steam l i ne e lbow. A hand l i ng too  l f o r  remova I o f  these samp les 

I has been designed and b u i l t .  These samples w i l l  be p e r i o d i c a l l y  removed 

I and tested,  based on ca l cu la ted  exposure. F a s t  neutron exposure o f  a l l  

'5 1 
the  samp l es w i l l be determ i med by chemi ca l separat ion of Mn f rom the 

54 ~b~~ + n = Mn + p t ransformat ion. The thresh0 I d  f o r  t h i  s r e a c t  ion has 

I been var ious  l y  repor ted  from 3. 1 Mev t o  5 Mev. There i s ev i  dence t h a t  t h  i s 

method may be reasonab l y  ex:Prapolatod t o  i nc lude neutron energies as low 

as I Mev. 
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TEMPERATURE OF .- ,. - 

Fig .  4.4.  . .Transit ion Temperature D u c t i l i t y  Curve for 
R t h f i n d e r  Steam Line (43-025-662) 



4.0.2 I NSTRUM'ENTATI ON 

Ins t rumenta t ion  f o r  measuring the  f low d i s t r i b u t i o n  i n  t h e  bo i  l e r  

core  has been designed and sh i.pped t o  the  s i  t e .  19 c o n s i s t s  of  an 

impact tube - manometer setup. The impact tube w i l l  be p laced over 

repres-ntat i  ve boi  l e r  core  o r  i f  i ces  and the r e  l a t i v e  ve l b c i t y  head 

w i l l be measured f o r  var  i ou's rec i r c u  l a t  i on pump comb i nat.i ons. Th i s 

w i l l be compared w i t h  t h e  resu l t s  o f  a  mockup o f  the  rec  i r c u  l a t i  on 

loop repor ted  ' in ACNP-5920 i n  which a i r  was used t o  simu l a t e  water.  

4.0.3 TWO-PHASE INTERFACE 

The two-phaseA i n t e r f a c e  w i l l  be determined by measuring t h e  . . 

f  low thr.ough th ree  detec tors  located i n  the  reac to r  vesse l and . C. 

.8' ... L .  

' pos i t i oned  a t  I  f t  3 i n . ,  2 f t  9 i n . ,  and 3 f t  3 i n .  o f  indicate.d 
, . .. 

. . 

r eac to r  water leve I .  The detector  c o n s i s t s  o f  a  tube w i  t h  t h e  end.  

plugged and w i t h  a  0.040 i n .  ho le  d r i  l led i n  i t s  wal l . (F ig .  4 . 5 ) .  

. . 

I n  order t o  lessen the  e f f e c t  o f  turbulence a t  t h e  two-phase i n t e r f a c e  

a  f  i l t e r  and a  baf f  le surround t h e  o r  i f  i ce .  From the o r i  f  i c e  the' f low 
. . 

passes ou t  o f  the reac to r  v i a  a tube, i s  condensed and i s  w a s u i e d  on a  

rotometer type f  low meter. The f low r a t e  .through the  o r i  f  i c e  i s  a 

func t i on  o f  i t s  p o s i t i o n  above the  two-phase i n t e r f a c e .  Th.i s f  low 

r a t e  has been exper imenta l l y  dete rmi ned i n  a  se r ies  o f  t e s t s  i n  

1 which steam was bubbled through water a t  var ious  pressures. The 

steam r a t e s  s imulated those o f  t he  Path f inder  reac to r .  These r e s u l t s  

I . w i l l be used t o  c o r r e  l a t e  the  steam-water i n te r face  i n  the Path f  i nder 

I and ar,e shown i n  F i g .  4.6. 
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F ig .  4.6 ... Flow Rate vs Interface Location (43-025-387) 



4.0.4 STEAM DRYER EFFlClEMCY 

The steam dryer  e f f i c i e n c y  w i l l  be determined by measuring the  

moisture content  o f  t he  steam before  and a f t e r  it passes through the  

steam dryer .  The q u a l i t y  o f  steam from sampling p o i n t  ahead o f  t h e  steam 

dryer  i s  determined i n  a t h r o t t l i n g  ca lor imeter .  The steam from sampling 

p o i n t  a f t e r  t h e  steam dryetj passes through a superheating ca lo r ime te r .  

Here the  steam i s  e l e c t r i c a l  l y  heated t o  a few degrees o f  superheat and 

the  temperature measured. The power i npu t  t o  t h e  steam i s  measured 

w i t h  an accurate wattmeter. A f t e r  leaving the  ca lor imeter ,  t he  steam 

i s  condensed and i t s  f low r a t e  i s  measured on a rotometer-type flowmeter. 

From these r e s u l t s ,  i t s  q u a l i t y  i s  determined. 

4.0.5 LIQUID LEVEL PANEL BOARD 

Instrumentat ion f o r  two-phase i n t e r f a c e  and steam dryer  e f f i c i e n c y  

determinat ion has been assembled on to  a panel board (Fig.  4.7) and has 
% 

been shipped t o  the  Pa th f i nde r  s i t e .  



Fig. 4.7 ... Liquid L e v ~ l  Panel Bloat-d (390-0-1) 



6.0 PHYSICS...POST CONSTRUCTION RBD 

An i n i t i a l  s t a r t u p  program f o r  Pa th f i nde r  has been spec i f i ed .  
Test  procedure s p e c i f i c a t i o n  and p re - tes t i ng  ana lys i s  are c u r r e n t l y  i n  
progress. I n  subsequent quarters,  t h e  r e s u l t s  o f  the  p re - tes t i ng  analys is ,  
exper i rnents, and f i na l ana l y s i s  w i l l be covered i n  Pathf  i nder Quar ter  l y  

\ Reports. I n  t h i s  c u r r e n t  repo r t ,  t he  p r i n c i p a l  physics tes ts ,  t h e i r  
purpose, and the  experi  m n t a  l procedure are b r i e f  l y  'described. 

6.0.1 INTRODUCTION 

The i n i t i a l  nuclear  s ta r tup  program f o r  t h e  Path f inder  Atomic 

Power P l a n t  cons is t s  o f  a  se r ies  o f  t e s t s  designed t o  demonstrate the 

physics performance o f  the  reac to r  and the  v a l i d i t y  o f  the  a n a l y t i c a l  

model used i n  t h e  reac to r  physics design. These t e s t s  are sequenced i n  

t h e i r  order  o f  increasing reac to r  power leve l  i .e. ,  a l l  t e s t s  a t  a  given 

power leve l  are performed before the  power i s  ra i sed  t o  t h e  next  h igher 

leve l .  Resu I t s  from t h e  design ana lys i s  and c r i t i c a l  f a c i  l i t y  experiments 

.are u t i l i z e d  and compared w i t h  measured r e s u l t s  from t h i s  program. Resul ts  

from each t e s t  a re  used t o  p r e d i c t  t h e  performance and safeguards eva luat ion  

o f  subsequent t e s t s .  

6.0.2 INITIAL CORE LOADING 

To prov ide a  bas is  f o r  v e r i f i c a t i o n  o f  tb a n a l y t i c a l  methods used t o  

compute c r i t i c a l i t y  of t h e  Pa th f i nde r  reac to r  and f o r  management o f  f u e l  

loading i n  subsequent operat ions,  i n i t i a l  c r i t i c a l i t y  i s  achieved i n  steps 

f o r  core con f igu ra t i ons  o f  increasing complexi ty  from t h e  minimum c r i t i c a l  

boi l e r  f ue l mass t o  the  f u  l l i ntegra l superheat core. 



6.0.2.1 B o i l e r  S l a b c o r e  Loadina a n d c r i t i c a l i t y  

The number and con f igu ra t i on  o f  t h e  b o i l e r  elements f o r  t h i s  minimum 

mass c r i t i c a l i t y  t e s t  are t o  be p red ic ted  by c a l c u l a t i o n s  and extrapo- 

l a t i o n  o f  Path f inder  c r i t i c a l  f a c i l i t y  s lab experiments. 

Three s ta r tup  chambers are  located i n  t h e  vesse l ou ts ide  t h e  bo i l e r  

f ue l region. A 6 -cu r ie  Pu-Be neutron source i s  located a t  the per iphery  

o f  the  superheater region.  Ten 2.2 w/o U-235 enr iched boi l e t  f u e l  elements 

are loaded i n t o  the dry  core t o  form a  s lab ar ray .  The neutron popu la t ion  

i s  monitored dur ing  t h e  loading. A c o n t r o l  rod  worth about 4 per c e n t  

~ k / k  i s  cocked. The neutron mu l t i p l i c a t  i on i s  mon i to red  as water i s  

added t o  the  vessel. A t  s p e c i f i e d  levels,  water a d d i t i o n  i s  stopped and 

count  ra tes  are  taken. The maximum r a t e  o f  f low s h a l l  n o t  exceed t h a t  

which corresponds t o  a  maximum r e a c t i v i t y  a d d i t i o n  r a t e  o f  about two 

cents per  second f o r  m u l t i p l i c a t i o n  (k )  values greater  than 0.8. 

The ca lcu la ted  shutdown margin o f  t h i s  minimum c r i t i c a l  mass assembly 

w i t h  a l l  c o n t r o l  rods f u l l  i n  i s  14 per cent  ~ k / k .  The s lab  core  loading 

and water f i l l are performed as i f  c r  i t i c a  l i t y  i s  expected a t  any p o i n t  

even though t h e  f u l l y  moderated assembly i s  expected t o  be a t  l eas t  10 

per  cent  ~ k / k  sub-cr i t i c a  l w i t h  a  rod  cocked (4  per cen t  ~ k / k ) .  A t  any 

poi  n t  t h e  water leve l can be reduced. Cr i t  i c a  l i t y  i s  n o t  t o  be ach i eved 

a t  any t ime dur ing the  f u e l  loading o r  water f i l l .  I f  c r i t i c a l i t y  i s  

p red ic ted  a t  any time, the  core  reg ion  i s  t o  be drained and f u e l  removed 

t o  reduce r e a c t i v i t y .  



Cr i t ' i ca  l i t y  i s  approached by t h e  withdrawal o f  boi l e r  c o n t r o l  rods. I f 

c r i t i c a l i t y  i s  n o t  achieved, t h e  core  1s dra ined and a s i n g l e  2.2 w/o 

b o i l e r  element added t o  t h e  s lab.  The core i s  again ~ a t e r ~ f i l l e d  and 

c r i t i c a l  i t y  i s  approached by c o n t r o l  rod  withdrawal.  These steps a re  

repeated addi ng a s i n g l e  2.2 w/o boi l e r  e lement a t  each step u n t i  I  

c r i t i c a l i t y  i s  achieved. A f t e r  i n i t i a l  c r i t i c a l i t y  i s  achieved, the 

core  i s  drained, and t h e  t e s t  i s  repeated addi ng an a d d i t i o n a l  2.2 w/o 

bo i l e r  f ue l e lement t o  determi ne the  i ncrementa l i ncrease i n core 

r e a c t i v i t y  associated w i  t h  a s ing  le boi l e r  e lement. 

I n i t i a l  c r i t i c a l i t y  i s  n o t  a n t i c i p a t e d  w i t h  t h e  f i r s t  s lab loading 

s ince t h e  number o f  f ue l e lements i n  t h e  loading i s  t o  be one less than 

the  number o f  e lements p red ic ted  t o  form a c r i  t i c a  l mass, g i v i n g  due 

cons idera t ion  t o  uncer ta in t i es .  However, i f  i n i t i a l  c r i t i c a l i t y  i s  

achieved on the  f i r s t  s lab  loading, t h e  core i s  t o  be drained, one 

element removed and t h e  t e s t  repeated a n t i  l t h e  minimum c r i t i c a l  mass 

i s  reached. 

6.0.2.2 Boi l e r  F u l  l Core Loadina C r i t i c a l  i t y  

With t h e  core drained, boron-sta in less s t e e l  poison shims worth approxi -  

mately 4 per  cent  ~ k / k  are inser ted  between predetermined b o i l e r  f u e l  

boxes. The 2.2 w/o b o i l e r  elements a re  added t o  complete t h e  b o i l e r  core 

( 96 2.2 e lements). The neutron popu la t ion  i s  m n i  to red  dur ing  t h i s  process. 

Cont ro l  rods worth about 4 per  c e n t  ~ k / k  a re  cocked. The neutron m u l t i -  

p l i c a t i o n  i s  monitored as water i s  added t o  t h e  vessel. A t  s p e c i f i e d  

leve ls ,  water a d d i t i o n  i s  stopped and count r a t e s  are taken. 
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The ca lcu la ted  shutdown margin o f  t h i s  assembly w i t h  a l  l rods and 4 pe r  

cen t  ~ k / k  i n  poison shims inser ted  i s  approximately 10 per cen t  ~ k / k .  

C r i t i c a l i t y  i s  n o t  t o  be achieved a t  any t ime dur ing  f u e l  a d d i t i o n  o r  

water f i l l .  I f  c r i t i c a l i t y  i s  p red ic ted  a t  any t ime, t h e  core reg ion  

i s  t o  be drained and a d d i t i o n a l  poison shims added t o  reduce r e a c t i v i t y .  

Cr i t i c a  l i t y  i s t o  be achieved by the  w i thdrawa l o f  c o n t r o l  rods. A f t e r  

t he  reac tor  i s  c r i t i c a l  a t  a low power, a rod  drop measurement i s  per- 

formed t o  est imate the  shutdown rrargin. The poison shims are removed i n  

steps, and shutdown data are recorded f o r  each step. 

6.0.3 PHASE 1 200 KW (MI OR LESS 

Phase I experiments are  performed a t  low power and ambient cond i t i ons  

t o  e s t a b l i s h  the  reference core. C r i t i c a l  c o n t r o l  rod  con f igu ra t i ons ,  

core power d i s t r i b u t i o n s ,  and r e a c t i v i t y  c o e f f i c i e n t s  are measured f o r  

t he  reference core.  Contro l rods a re  ca l i bra ted dur i ng the  performance 

o f  those t e s t s  which r e q u i r e  c a l i b r a t e d  rod data f o r  t e s t  i n t e r p r e t a t i o n .  

These- exper i menta I resu I t s  a re  t o  be compared w i t h  ca Icu l a t i  ons. These 

measurements and comparisons are  a l so  t o  prov ide  v e r i f i c a t i o n  o f  t he  

shutdown r e a c t i v i t y  margin and thermal margin and t h e  v a l i d i t y  o f  t h e  

ana l y t i  ca l mode l used f o r  the  design ca lcu l a t  i ons o f  Pathf  i nder . 

6.0.3. 1 Superheater Fue l Loadi nq and Fu l l Core C r i t i c a l  i t y  

A l l  poison shims (worth approximately 63 per cent  Ak/k) a re  loaded i n t o  

the  dry  core. The superheater fue l i s  loaded, and t h e  neutron popu l a t i o n  

i s  monitored dur ing  t h i s  loading. Cont ro l  rods worth about 4 per  c e n t  

gk/k are cocked. The neutron mu l t i p  l i c a t i o n  i s  monitored as water i s  
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added t o  the  vessel.  A t  s p e c i f i e d  levels, water a d d i t i o n  i s  stopped 

and count r a t e s  are  taken. 

The superheater steam passages remain voided (most r e a c t i v e  con f igu ra t i on )  

dur i  ng water add i ti on. The ca lcu la ted  shutdown margi n o f  t his assemb l y  

w i t h  a l l rods and po i  son sh ims inser ted  i s approxi mate l y  10 per cen t  ~ k / k .  

The superheater f u e l  loading and water f i l l  are performed as though 

c r i  t i c a  l i t y  were expected a t  any poi  n t ,  even though t h e  moderated assemb ly  

i s  expected t o  be a t  leas t  6 per c e n t  ~ k / k  s u b - c r i t i c a l  w i t h  t h e  cocked 

rod p a t t e r n  ( 4  per  cent  ~ k / k ) .  A t  any p o i n t  t he  water leve l  can be 

reduced. 

C r i t i c a l i t y  i s  t o  be achieved by the  withdrawal o f  b o i l e r  c o n t r o l  rods. 

A f t e r  the  reac to r  i s  c r i t i c a l  a t  a low power, a rod  drop measurement i s  

performed. 

6.0.3.2 Estab l i shment o f  the Reference Core 

The reference core i s  def ined as t h a t  f u l l  core which i s  j u s t  s u b - c r i t i c a l  

w i t h  the most r e a c t i v e  c o n t r o l  rod  withdrawn and t h e  superheater voided. 

Poi  son sh i ms are removed i ncremen'ra 1 l y u n t  i l t h  i s c r  i t e r  ion  i s  met, thereby 

e s t a b l i s h i n g  the  reference core. I f  the  most-reactive-rod-withdrawn 

c r i t e r i o n  i s  met w i t h  subs tan t ia l  shutdown margin, p o s i t i v e  shim b o i l e r  

f u e l  e lements (3 .2  w/o U-235 enrichment) a re  avai lab l e  t o  increase t h e  

core  excess r e a c t i v i t y  f o r  opera t iona l  purposes. During the  establ ishment 

o f  the reference core, a l 1 con t ro  l r o d s ,  i n  shutdown data are a lso  recorded 

as a func t i on  o f  poison shim removal. 



6.0.3.3 Reference Core Cold Floodina C o e f f i c i e n t  

Because o f  t h e  superheater c e n t r a l  locat ion,  the e f f e c t  on core 

r e a c t i v i t y  o f  f l ood ing  t h e  superheater i s  o f  i n t e r e s t .  With the  reac tor  

shut down, the  superheater steam passages are flooded. The reac tor  i s  

brought t o  c r i t i c a l i t y  and t h e  r e a c t i v i t y  de fec t  associated w i t h  f l o o d i n g  

the  steam passages i s  evaluated by means o f  a c a l i b r a t e d  boi l e r  c o n t r o l  

rod. 

6.0.3.4 Core F l u x  Mappinq 

A t  each o f  approximately seven d i f f e r e n t  c o n t r o l  rod  conf igura t ions ,  

U-AI f l u x  w i res  are  loaded i n t o  t h e  superheater and b o i l e r .  The concen- 

t r a t i o n  o f  boron added t o  the  moderator i s  va r ied  t o  prov ide  c o n t r o l  rod  

con f igu ra t i ons  t y p i c a l  o f  those t o  be encountered da r ing  opera t ion  from 

reac to r  s ta r tup  t o  the  con t ro l - rods - fu l l - ou t  cond i t i on .  The data are 

analyzed f o r  superheater-boi ler power sharing, a x i a l  power shapes, 

symmetry o f  core rad i a  l power d i s t r i b u t i o n ,  boi l e r  and superheater r a d i a l  

power peaks, and nuclear inst rumentat ion c a l i b r a t i o n .  

6.0.3.5 I n s e r t i o n  o f  Reactor Source and Refuel inq Test  

The 6-cur ie  Pu-Be source i s  used i n i t i a l l y  f o r  hea l th  physics cons idera t ions  

dur ing t h e  d ry  loading and f o r  eas ier  t e s t i n g .  Preparatory t o  f u r t h e r  

t e s t i n g ,  t h e  reac tor  source ( 10 n/sec) i s  loaded i n  the core, and t h e  

Pu-Be source i s removed. The reac tor  vesse l i s  comp l e t e  ly  f i l led, 

i nc lud ing  the  superheater steam passages, dur ing t h i s  operat ion.  Reference 

core  c r i t i c a l  i t y  i s  repeated t o  c o r r e  l a t e  t h e  regu la r  i nstramentat ion 

i n d i c a t i o n  t o  known cond i t ions .  



For r e f u e l i n g  purposes, t he  maximum r e a c t i v i t y  increase associated w i t h  
I 

t he  i n s e r t i o n  o f  a b o i l e r  f u e l  element inf-o a w a t e r - f i l l e d  box i s  de ter -  

mined. Several b o i l e r  box loca t ions  w i t h  a l l  rods i n  a re  t o  be i n v e s t i -  

gated. The worth o f  both 2.2 w/o and 3.2 w/o b o i l e r  elements i s  t o  be 

determi ned. 3 

6.0.3.6 Cold Core P ressu r i za t i on  

The sysPem i s  gradua l l y  p ressur i  zed. A. ca l i bra ted  boi l e r  con t ro  l rod  

i s  used t o  determine t h e  r e a c t i v i t y  change resu l t i n g  from t h e  p ressu r i -  

z a t i o n  over 50 p s i  increments t o  600 p s i .  

6.0.3.7 Temperature C o e f f i c i e n t  

The temperature c o e f f i c i e n t  i s  measured f rom ambient to 440 F. Wi th  t h e  

superheater f looded, t he  reac to r  i s  p ressur ized t o  600 p s i g  t o  p revent  

b o i l i n g  dur ing t h i s  t e s t .  The reac to r  i s  taken c r i t i c a l  and a slow 

heat ing  r a t e  i s  es tab l ished w i t h  t h e  s t a r t u p  heater .  A s i n g l e  b o i l e r  

c o n t r o l  r o d  i s  withdrawn t o  y i e l d  a 30-second pe r iod  - and then inser ted .  

The temperature i s  increased by 10 F. . . the same b o i l e r  r o d  withdrawn t o  

the  same p o s i t i o n  ... and the  p e r i o d  measured. C r i t i c a l i t y  i s  re -es tab l ished 

and a second b o i l e r  r o d  withdrawn t o  y i e l d  a 30-second per iod ,  and so on. 

6.0.3.8 Hot  Core F lood ins  C o e f f i c i e n t  

The r e a c t i v i t y  change associated i n  f looding t h e  superheater steam 

passages w i t h  approximately 440 F water i s  determined by means o f  a 

ca l i bra ted  c o n t r o  l rod.  Thi s  t e s t  i s  performed i n t h e  same manner 

as the c o l d  core  f l o o d i n g  c o e f f i c i e n t .  
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6.0.4 FULL POWER OR LESS 

Fu l l power i s  approached i n  about f i ve steps. A t  each power leve l 

t h e  f o l l o w i n g  physics t e s t s  are performed. 

6.0.4.1 Radiat ion Tes t inq  

Radiat ion level  data are taken a t  many p o s i t i o n s  throughout t h e  p lan t .  

I n  a d d i t i o n  t o  hea l th  physics considerat ions,  the  data are taken t o  

v e r i f y  the  a n a l y t i c a l  model used f o r  Pa th f i nde r  s h i e l d i n g  ca l cu la t i ons .  

6.0.4.2 Xenon R e a c t i v i t y  

The r e a c t i v i t y  associated w i t h  t r a n s i e n t  xenon i s  determined a t  several  

power leve ls  by opera t ion  u n t i l  near e q u i l i b r i u m  poisoning i s  reached. 

Then t h e  reac tor  power level  i s  reduced s u b s t a n t i a l l y  and t h e  r e s u l t a n t  

r e a c t i v i t y  charges fo l lowed w i t h  c o n t r o l  rod  mvement u n t i l  e s s e n t i a l l y  

a l l  xenon has decayed. Rod c a l i b r a t i o n s  a re  performed dur ing  t h e  t r a n s i e n t  

f o l l ow .  The e f f e c t s  o f  samarium t r a n s i e n t s  are  included by appropr ia te  

ana lys is  o f  t h e  opera t ing  h i s t o r y .  




